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HighVoltageSwitchgearandControlgearSectionalCommittee,ET 08

NATIONAL FOREWORD This Indian Standard which is identicalwith IEC 1259 ( 1994) `Gas-insulated metal-enclosed switchgear forratedvoltages72.5 kV andabove-- Requirements forswitching ofbus-charging currentsbydisconnectors' issued by the International Electrotechnical Commission ( IEC ) was adopted by the Bureau of Indian Standardson the recommendationsof the HighVoltageSwitchgearand ControlgearSectionalCommittee ( ET 08 ) and approval of the Electrotechnical Division Council. It applies to ac gas insulated metal enclosed disconnectorsfor rated voltages above 72.5 kV. The text of the IEC Standard has been approved as suitable for publicationas Indian Standard without deviations. Only the English language text in the International Standard has been retained while adopting it in this Indian Standard. Forthe purposeof decidingwhethera particularrequirement of thisstandardiscompliedwiththe finaltilue, observedor calculated,expressingthe resultof a test or analysis,shall be roundedoff in accordancewith IS 2:1960 `Rulesfor roundingoff numericalvalues( revised)'. The numberof significantplaces retainedin the roundedoff value shouldbe the same as that of the specifiedvalue inthisstandard. Intheadoptedstandard,certainterminology andconventionsare notidenticaitothose usedinIndianStandards. Attentionis speciallydrawnto the following: a) Whereverthe words`InternationalStandard appear referringto thisstandard,they shouldbe readas `IndianStandarcf. b) Comma (,) hasbeen usedas a decimalmarkerwhilein IndianStandards,the currentpracticeisto use a point(.) as the decimalmarker. Inthisadoptedstandard,referenceappearsto certainInternational Standards forwhichIndianStandardsalso exist.The correspondingIndian Standardswhichare to be substitutedin their place are listedbelowalong withtheirdegree of equivalenceforthe editionsindicated: International Standard IEC 129:1984 Alternatingcurrent disconnectors and earthingswitches Corresponding IndianStandatd lS9921( Parts l,2,3and4) Degreeof Equivalence PartiallyEquivalent
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Indian Standard GAS INSULATED METAL ENCLOSED SWITCHGEAR FOR RATED VOLTAGES 72.5 kV AND ABOVE -- REQUIREMENTS FOR SWITCHING OF BUS-CHARGING CURRENTS BY DISCONNECTORS
1 Scope and object This International Standard applies to atternatirtg current gas-insulated metal-enclosed disconnectors for rated voltages of 72,5 kV and above.

This standard provides test requirements for gas-insulated metal-enclosed disconnectors used to switch small capacitive currents (no load currents) such as occur when sections of busbars or grading capacitors are energized or de-energized.
NOTE - Simultaneous switching of discanneows oonsidwed in this standard. in the same oirouit is not dvisabb tlw
not

2

Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of this International Standard. At the time of publication, the edition indicated was valid. All normative documents are subj&t to revision, and parties to agreements based on this International Standard are encouraged to investigate the possibility of applying the most recent editions of the normative document indicated betow. Members of IEC and ISO maintain registers of currently valid International Standards.

IEC 129:1984,

Alternating current diswnnectors and eatthing switches

3

Definitions

For the purpose of this International Standard, the following definitions apply.

3.1

disconnector:

According to IEC 129.

3.2 bus-charging current: The current expressed as steady-state r.m.s. value which a disconnector shall make or break when energizing or de-energizing parts of a busbar system or similar capacitive loads. 3.3 tmnsient voltage to earth (TVE): strike during a closing operation. Voltage to earth which appears at the first pre-
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4

Type tests

Tests for disconnectors of rated voltages below 300 kV are generally not necessary and are subject to agreement between manufacturer and user.
NOTE - For rated voltagos below 300 kV, the ratios between the $peoified lightning impulse withstand levels (LIWL) and rated voltages qre suffloientfyh~h in most oases for tests not to be nacessary.

4.1

Test duties for making and breaking of bus-charging cufrents

Three test duties are defined: 1

Test duty 1: Test duty 2: Test duty 3:

switching of a vefy short portion of busbar duct; switching of parallel capacitors for circuit breakers under 180 electrical degrees out-of-phase condition; current-switching capability test.

NOTES Test duty 1 is 8 normal type test end it is mandatory.

2 Test duty 2 is a speoial type test to be carried out aoooding to tits specification by agreement between manufacturer end user, but it is not neoessa~" if the circuit breaker is not equipped with parallel oepacitors. 3 Test duty 3 is q special type test to be oerried out acoording to this spacif~tion by agreement between manufacturer end user. It serves only to indicate the current interruption cepabifity of the disconnector when de-energuing tong busbare or other energized parts, e.g. short tength of cables, eto. Typical wmsnt vatues are given in tAfO 2 in 4.5.3.

4.2

Arran~ement of the disconnector for tests

The operating device of the disconnector under test shall be operated in the manner specified by the manufacturer and, in pa~icular, if it is power operated, it shall be operated at the specified minimum supply voltage and/or minimum pressure.

Before commencing the making and breaking tests, no-load operations shall be made and details of the operating characteristics of the disconnector such as closing time and opening time shall be recorded. Tests shall be performed at the minimum gas density for normal operation of the disconnector under test. Associated compartments shall be at their minimum gas density as well. In most cases the physical arrangement of the di~nnector involves asymmetries (e.g. asymmetrical shields, or moving contact/fixed contact differences, etc.). For these cases, the arrangement of the disconnector has to be such as to perform the test under the most onerous conditions. For test duty 1, the most onerous arrangement is considered to be that which results in maximum pre-striking distance for the closing operation. For test duty 2 and test duty 3, the physical arrangement of the disconnector is considered to be of minor importance.
NOTE - It is oommon preotke that the same design of diaoon~ is instalfed in both horizontal and vertioel positions. In this case, variations of the oonteot speed are possible. However, deviations of up to *15 % from the speoHied speed are considered to be ecoeptabte for these tests.
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Only single-pole tests on one pole of a three-pole disconnector need to be performed, provided that this does not mean a change of operating speed of more than *15 ?40. For disconnectors having three poles in one enclosure, three-phase tests are desirable. However, single-phase tests as specified can be accepted to demonstrate the making and breaking performance. The two remaining poles not involved in the switching process shouid be grounded at both terminals.

4.3

Test frequency

Disconnectors are preferably tested at rated power frequency. For convenience of testing, however, tests may be pedormed at either 50 Hz or 60 Hz and are considered to be equivalent. 4.4 Test voltages for making and breaking tests

During making and breaking tests the power frequency voltage shall be maintained for at least 0,3 s before and after the switching operation. In the case of a d.c. pre-charge voltage at the load side (test duty 1), the d.c. voltage shall be applied according to the specified level for about 1 min before the close operation. The load side shall not be grounded between the open and close operations (valid for test duty 2 and test duty 3). The test circuit should not contain elements which cause a decay of the trapped charge.

Referring to figures 1, 3, and 4, the test voltages at source side and load side of the test arrangement shall be applied as given in table 1. The test voltages in table 1 are valid for the open disconnector. In the case of test duty 3, the test voltage can be considerably higher when the disconnector is in the closed position. This is caused by resonance phenomena, especially if the impedance of the supplying transformer is high, which is normal for transformers used for dielectric a.c. voltage tests.
NOTE - The above-mentionad voltage inoreaaa will enhanoe the test conditions. It should not ba more than 10%. .
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IS 14657 :1999 IEC 1259( 1994) Table 1- Test voltages for making and breaking tests
Test wltaga Teat duty SotnGeaida U1 1,1 x Loadaida U2

1

L4/&U16

1

Pre-charge with negative d.c. voltage -1,1 x Ux GIG A.C. voltage in phase opposition I*I x u/G --

2

1,1 x

3 NOTES 1 U is the rated voltage.

UIG

2 The factor 1,1 has been chosen to tafca into aocount statistical effects which are inharerrt in this kind of switching phenomena, and to restrict the number of test operations to those specified in tebfe 3. As test duty 3 shoufd onfy indicate the switching capability of the disoonneotor, this enhancement of the test voltage is not necaseery.

*

-L 1DT DA

U1

*

?I
= =

cl
": `T

=

U2

DT: diaoonneotor under test DA: auxiliary disconnector .

Figure 1- Test circuit for test duty 1
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4.5 4.5.1

Test cirwits for making and breaking tests Switching of a very short portion of busbar duet, test duty 1

Figure 1 shows the test circuit for test duty 1, The load side shall be represented by a seotion of busbar of dz in the range of 3 m to 5 m in length. The connection to the supply side shall be realized by another section of busbar of a length of d,. in order to obtain representative very fast transients (VFT) conditions, the ratio d~dl shall be in the ran9e 0,36 to 0,52. The source-side circuit shall have an added lumped capacitance, Cl. The value of Cl shall be chosen so that the peak value of the voltage to earth at the disoonneotor terminals is met as defined in 4.5.1.1.

Before starting a ciosing operation, the load side has to be charged by d.c. voltage aooording to table 1, and the d.c. voltage source disconnected by the auxiiiary disconnector, DA.
NOTE - Busbar fengths d, and d2 are

understood tobetakenasthefollowing distances:

d,: opan contact of the disconnector under test (DT) to the bushing connection; d2: open contact cf the disoonnaotorunder test (DT) to the open contact of the auxifiary disconnector (DA).

4.5.1.1

Transient voltage vaiues

The voltage transients at the disconnector location during a close operation are used to characterize the behaviour of the test circuit and to ensure consistent overvoltage charaoteristios under test conditions. Two distinot aspeots of transient voltages are of impmtartoe, these are the very fast transient (VFT) phenomena and the fast transient (FT) phenomena. TliP VFT phenomena are determined by the cirouit arrangement as described in 4.5.1. The circu~ res~nse for the fast transient phenomena sha[i be ve~ied ~ ieast once for the test arrangement by direct measurement (see 4.10) under the foliowing conditions: source-side test voltage: load-side voltage: u i 47, 0 (no pre-charge).

For these conditions, the peak value of the transient voltage~o e&'rh Uw= at the first prestrike during a otose operation shall be not less than 1,4 x U x ~ 2 / d 3 (for pr&tioal putposes a variation of 5 Y. is considered aooeptable) and the time to peak shati be less than 500 ns (@We 2).
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Figure 2- Typical voltage wave-form (Including VFT and FT components)

4.5.2

Out-of-phase switching, test duty 2

Figure 3 shows the test circuit for out-of-phase switching. The parallel capacitance CP of a circuit breaker may be represented by the actual circuit breaker or by an adequate capacitance of equal or higher value than the capacitance used in service.

The shortest possible connection d~ between capacitor (circuit breaker) and disconne~or in praotical arrangements shall be established. The lengths of the other test circuit parts are not specified, but preferably they should be realized as shod as possible using standard components.

The lumped capacitance C2 (figure 3) shall be of a value not less than 400 pF. The ratio C1/C2 shall be in the range 4 to 6.
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DT: disconnector under test CP: circuit breaker parallel capacitor or equivalent capacitor

Figure 3- Test circuit for test duty 2 . 4.5.3 Current switching capability test, test duty 3

The test circuit shown in figure 4 applies. For this switching case the specific lengths of the busbar sections are of no significance. At the load side a lumped capacitance CL should be added in order to achieve the specified bus-charging current as given in table 2 with a tolerance of *1 O `/0.
NOTES 1 In order to reduce rasonanca effects whiih can be caused due to a high source impedance, connection of a lumped capacitance Cl of any value is aceaptabfa @ the source side. 2 Further tasting conditions whti between manufacturer and user. affect the tmnsient recovery conditions are subject to agreement

-L

/. DT

-L
-r

U1

cl

CL :

7 DT: disconnector under test

Figure 4- Test circuit for test duty 3
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Table 2- Speclfled bus-oharglng currents
Rated voltage (kV) (r.m.s.) Bus-charging current (A) (r.m.s.) 72,5 100 123 145 170 245 300 382 420 525 785

0,1

0,1

0,1

0,1

0,1

0,25

0,25

0,5

0,s

O*6

0,8

NOTE - The values are normally not exceeded in practice. They apply to 50 Hz and 80 Hz as well. In case of higher values in practice, other test values should be considered by agreement between manufacturer and user.

4.6
During

Performance of making and breaking tests
each test duty, the test series shall be pedormed without reconditioning the

disconnector.

The specified number of tests is given in tabie 3.

Table 3- Specified number of tests

Number of meke and break operations Test duty Standard disctmneotor 1 2 3 1) 2) ~ 50 50
2)

Fast-acting diacarnector "
200 2)3)

200 50

Disconnectors having a contact speed in the range of 1 m/s or higher at the moment of contact separation. In case the most onerous disconnector arrangement cannot be determined ofearly (with reference to 4.2) test duty 1 shall be repeated with reversed disconnector terminals. Reduction of the number of tests down to 50 is acceptable, if the test voltage is enhanced (to cover statistical effects) to the following values: - source side: - load side (d.c. pre-charge): UX1,216

3)

-U x 1,2x =16

4.7

Behaviour of the disconnector during making and breaking tests

The disconnector shall perform successfully without mechanical or electrical distress. Disruptive discharges from phase to earth or in case of three poles in one enclosure, from phase to phase are not permitted.
NOTE . It is essential that disruptive discharges to earth or between phases can be detected properly by adequate measuring or detecting equipment.
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Cor?ditionafter test

The mechanical functions of the disconnector shall be essentially in the same condition as before the test. Evidence of erosion due to arcing and decomposition deposits on insulator surfaces are acceptable, provided the insulating properties of the disconnector are not impaired in the open and closed positions.

After test duty 1 and test duty 2 no specific action is necessary for verification of this requirement.
NOTE - Concerning test duty 3 appropriate verification procedures are under consideration by IEC.

4.9

Type test reports

The results of all type tests shall be recorded in type test reports containing sufficient data to prove compliance with this standard. Sufficient information should be included so that the essential parts of the disconnector tested can be identified.

Additionally the test report shall contain the following information: a) representative operation; b) test circuit(s); c) steady-state test current (only for test duty 3); d) test voltage(s); e) transient voltage characteristics; f) representative record of contact movement; oscillographic record of one make and one break switching

9) gas pressure during the tests; h) number of make and break switching operations; i) j) condition after test; type of fault detection system;

k) supply voltage or pressure of mechanism operated.

4.10

Requirements for measurements

In general, specialized measurements are required during test duty 1 and test duty 2: measurements of the transient voltage to eafth UTVE; measurements are required in case of test duty 1 to ensure that the load side voltage (U2) meets the specified requirement up to the initiation of the closing operation.
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Requirements for the measurements:
TVE verification shall be done at least once for each test circuit used. Configurational changes such as different connecting lead length, equipment orientation, etc., are considered as changes to the test circuit and will require additional measurements; -

- TVE measurements shall be made within 1 m of the arcing contacts of the disconnector. If this is not possible, TVE verification may be done by computer calculation, provided that other measurements (within the test section but outside the 1 m zone) are performed at least once to check the validity of the calculation technique; - care shall be taken that possible stray power frequency interference account; - TVE measurement VFT component. is taken into

shall be made with sufficient bandwidth to record properly the

NOTE - VFT measurement is under oonsiderstion by IEC.
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